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0 3 N ¢ 1 ¥
AGCT TTAATATAGCTCATGAAAGG T ABACAT TOGCAGC TGAAGGGCCACGCAGACCATTT & ()

X " 4 | 3 A6
ATCCGOCAAAATTCCACGCGTAATCCGGTGETAATTTCTTCTGCATCGLGLAGATTGAGE 120
: n 3 3 O it

GETOAAACATOAAGCTGOACATCGATACGACCATCOOATOELGTGATAAGACCCTTGELG 180

E T t K K K

CTTTTGCCGTCAAAGGTTTTGACAATTCCTGTCATTTTACGLGACARAAAAATTCCTTAL 240

W 5 ¥ W % 3

FACTGAT 4f§u¢!l[ TTOLCGCACTATACACACGTTCCTGAAGARAGCTATAGTTTTTTGATGGE 304

A A X 0 L K

GTTGAAGATGGLCTGGATGTCTABAATAAACATTGCTTCATATGTTCAACTATGCGT TAAT 360

3 3K 3 4 M L .
GATTOCGTCGGTTTGAAGAACAGACGATATACGAAGTAGTTTACTAAAGCAGTTCTCATT 42C

2 M - 3 3 L X

TCAGGTGTTATACACTTATTCCTTCTTTGAGTCTCTCCAAT TAAGTACGAAGTCGTTTCT 480

W 3 3¢ » "
GTTATGCAAACCATTTATOCCGAAAGGCTCAAGTT l’\lfﬁlfJH[JtF5i!‘| TGTAGA ATGTCAAATAAA 539
MetSerfsnlys

i iate ¥ " B 3
ATOACTGOTTTAGTAAAATGGTTTAACGCTGATAAAGGTTTCGGCTTTATTTCTCCTGTT 599
MetThrilyleuVallysTrpPheAsna loAsplysGlyPhel lyPhel leSerPraVal

:ahs " 3¢ ): 3¢ "
LATGOTAGTAAAGATGTGTTTGTGCATTTTRCTGCCATTCAGAATGATAATTATCGAACE 659
LeuPhebluGlyGInLysYa lThrPheSer ] le luSer i LyAloLyshlyProatadla

46 " 2 3 * "
LLAATAGTCATCATTACTGATTAA AATTCATCGCTCGTCTGTATACGATAACGAAGAAG 778
AlaAsnValllel leThrasp -

Ak ;| | K I I |
GUTGATGCCTGALTAGAC rifi TACGLACAGAGTAGTOAATATTGOATCTCTTTAATAAAAAL 838

e " W 0

TAAGGAGGTCCAATACATGAAACAATGGCTAGCATATTT 877 FIG. 11
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A K 4 N ¢ |5
CGOOATATCAGCAAAAGATATTTACCCCATTAATTTATTAGGATGTTTACATCGGATTIG 60

L

¥ 4 # ¥ "
TOAT TAAGCGTGGTATTATTTATTACGCGAAACGTTTCTCTCTTGAGGTTTTT GUTCATT 120

K 3 3 w®
CATCAATTTTTCTTATTTTAAATTTAC |ﬁ5|45| I CCTTTOGGGATTOACTTCTCTTTAGLGTA ii'\ 160

) 3 " £ K

TTAATAGCCGTTAACTGACTGTTITATGA |[ |f5|f-|i-|f-\i-ﬁl JTOATATAACTTTTTATTCATTGCA 240
I 3K € 3 %

TAGCAAAAAATGTCATAT TGCACGCACTATGTAATAACTTCTCCCACT, Jd[ |[ CTOGAACAA 300
5 ¥ 3% ¥ | r 3

LTGAACTAAT TGLAACTATLTTAGAAAATACGCCAGTTTAAGTATCT LLCTGAACTGGCAA 360

3¢ 3 3 e
LGOTTAAGCACAA f[lﬂih‘hh’\]l LGCGCGTATTCCOTTRE nlm’\lﬂ GTGCAAAAAL M:Jh[:”ll]ﬁ 4¢0)

3 8 aarz % i 5
ALACGTATCGAGATTTGTGCGTCTGATCGAGACATGTTTAAAAATGGCTTGCCATAATTA 4 B (!

¥ 3 o 3 W
ACGTTGTA f|[| TOATAACAGATTTCOGGT TAAACGAGGTACAGTT CTOGTTTATGTGTOGCA S40

0 " 4 " 3¢ *
TTTTCAGTARAGAAGTCCTGAGTAAACACGTTGACG T TGAATACCGETTCT LTGCCGAGE 600

3 e 3¢
CTTATAT H:l ]J[Jl[ CTC nlhl A[m?ﬁﬁ»ﬁnl[;l! TCAGTGT IHII hf\ TGTTATGCCTOCGGCGAA 660

3 ¥ W g
LAAAACAATCTAAGGAATT I TTCAA  ATGGCAAAGATTAAAGGTCAGGTTAAGTGGTTC 718

MetAlalysI leLysGlyGinVallLysTrpPhe
5 n ¥
AALLAGTCTAAAGGTTTTGGCTTCATTACTC [ [1[ CTOATG [|[ K"n[ CAAAGA l[ TOTTCGTA 778
AsnbluSerLysGlyPheGlyPhel leThrProA Lo sphlySerlysAspVo IPheVa |

M 3N € |
CACTTCTCCGETATCCAGGG ]ruﬁ\nﬁ TGGCTTC ﬁnﬁnm TCTOGETGAAGGTC if!hiﬁlﬂh[ GTTGAG 838
HisPheSerAlal leGinGlyAsnGlyPhel. ysThrieuAlaGluGlyGinAsnVo lGlu

" 3 A€ ¥ €
TTCGAAATTCAGGACGOCCAC n"\ AALGTCCGOCAGCTGTTAACGTAACAGCTATCTGA TC 897
“heblul teGlnAspGlyGinLysGlyProdladlaVa LAsnVa L Thred lalie -

3¢ W 3K * 3¢
LA Fh TCCACTGATCTGAAGTGTGAATACGCTTCAATCTLGETATAA ALCCTCGTCGAATGE 957
3 n " ¢ e |
GALGGCTTTTTACTATGCTTTAT [ TTCGETCCTLGERTTC l:Ian WTTOCCCGCCOCGTGA 1017
1 n
TTCLGCGTTACACTTGCGGCCTT h‘%lﬁﬂfﬂil[ ll:l l IJiJFHH TGTC mu CHTTT H | TGTCCA 1077

K A bl Wy W o e
CTTTGCCATCAGCETCTTTCGCGTGAAAAAAAY AGCTATATCT 1120 FlG. 12
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1
NUCLEIC ACIDS SEQUENCE, STRESS-
INDIUCED PROTEINS AND USES THEREQF

RELATED CASE

This 15 a continuation-in-part application of pending pas-
ent application Ly, Ser. No. 07/852,013, filed Mar. 9, 1992,
now abandoned, which is in turn a continzation of applica-
tion Ser. No. 07/310.332, now abandoned, filed Feb, 13,
1989. That patent application (parent application) is incor-
porated herein by reference in its entirety.

Publications and rmanuscripts which are attached and
co-filed herewith are also incorporated by reference in their

entirety.

The parent application discloses cold-shock proteins
which are induced by cold-shock following a shift to lower
temperature from physiological growth temperatures. E. coli

was shown to grow at low temperatures after cold-shock

induction. Cold shock proteins are reported to be synthe-
sized during a growth lag when the growth temperature for
the bacteria is decreased from 37° to 10° C. - Other features
of these proteins and their promoters are disclosed in the
parent application.

SUMMARY OF THE INVENTION

The present invention further describes these and other
members of a tamily of stress-induced, in particular cold-
shock induced proteins (Csp), their synthesis following a
shift from physiological growth temperature of a microor-
ganisin to temperabires below physiological, nucleotide
sequences of stress-induced and cold-shock genes, deduced
amino acid sequences thereof and cold-shock: imduced and
other promoters. The invention also describes the expression
of proteins other than the cold-shock proteims under the
direction of cold-shock promoters. Various uatilities of the
cold-shock proteins and promoters are described.

Methods, systems and cormnpositions are provided for
genetically transforming microorganisms, particulary
bacteria, to produce genotypical capability, particularly to
produce “cold-shock™ or antifreeze™ and other proteins. Also
provided are segments of DINA (“promoter”) that contain
signals that direct the proper binding of the RINA polymerase
holoenzyme and its subsequent activation to a form capable
of tnatiating specific RNA transcription. The promoter which
1s deseribed herein is cold-induced and capable of control-
ling the expression of the cspA gene which encodes a
cold-shock or antifreeze or other proteins. Practical appli-
cations are referred to hereinafter.

Genetic systerms are provided for expressing proteins
called cold-shock or antifreeze proteins, patrticularly a cold-
shock protein of E, coli designated cs7.4 or CspA.

The invention provides a novel polypeptide which is
synthesized in £, cofli in response to a decrease of the
temperature below ambient, or physiological growth tem-
perature. The polypeptide (or protein) is a 7.4 kdal protein
induced under cold-shock and had been designated as
sl

A noteworthy aspect of the polypeptide is that it is stable
at ternperatures above the cold temperature at which it was
induced. |

The invention also provides the gene encoding the cs7.4

protein. The invention provides forther the cold-induced

promoter whach controls the expression of the gene encod-
ing cs7.4 and which promoter also is capable of initiating
transcription of proteins other tham cs7.4 in response to a
shift in temperature below the microorganism. growih tern-
peratires.
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The invention also provides a system for expressing the
gene encoding the antifreeze protein under the direction of
a promoter other than the promoter of the invention.

The 1nvention further provides various DINA. constricts,
including cloning vectors, e.g., plasmids which comtain the
promoter, the structural gene and other necessary functional
DINA elements, and transformed hosts.

The inventton provides a cold-shock induced promoter
(the “native” promoter) which is capable of regulating the
expression of a cold-shock induced gene encoding an anti-
frecze protein.

The invention provides further a promoter (“native™)
which is capable of controlling the expression of a gene
encoding an antifreeze protein or another protein at tem-
perature below physiological temperatures. Although cs7.4
is frequently referred to herein, it is contemplated that any
protein can be produced by the promoter of the invention. .

The invention also provides for the expression of a gene
encoding an antifreeze protein under the control of a heter-
ologous (non-native) promoter at physiological tempera-
tares. |

The invention further conternplates that having further
elucidated the promoter sequence, the DNA sequence of the
prormoter can be generated synthetically; such promoter will
be useful to regulate the expression of proteins at ILow
temperatures, i.e., temperamuees below physiological tem-
peratuee,

It is & noteworthy aspect of the invention that the promoter
can be “uncoupled” in the sense that it can be wsed without
the native structural gene and conversely, the structural gene
can be controlled Try a heterologous promoter.

Other aspects of the invention will become apparent from
the description which follows.

The invention provides a method for producing a “cold-
shock” protein, a promoter therefor and various constructs.
In one embodiment that will be described hereinafter, the
yene encoding the cold-shock protein is expressed under the
regulation of a heterologous promoter. In another
embodiment, the cold-shock induced promoter is wused to
control the synthesis of a heterologous protein in response to
lowermng of the growth temperature,

The method of the invention to induce and produce the
cs7.4 protein of the imvention comprises growing in a
nutrient rich medium at an exponential rate an appropriate
microorganismm, for instance an £. coli, to a desired growth
density at physiological growth terperature for the particu-
lar microorganism. For F. coli such tenperature may be in
the range of about 10° to about 50° C., preferably in the
range of 2(0° to about 40° . Each microorganism is known
to have its optimum growth temperature; for E. coli raising
the temperature above about 40° C. or lowering it below 20°
C. results in progressively slower growth, until growth
ceases, at the maximum temperature of growth, about 49°
C.. or the minimum, about 8° C.

When the desired degree of growth is attained (monitored.
by an appropriate method, such as spectrophotometrically).
the temperature is rapidly shifted to a lower temperature
about 10 and below about 20° ., preferably below about
15 C, and about 8° C. Lower temperatures generally do not
sustain practical growth rates. If desirable, a shift to lower
ternperature but above the temperature at which no growth
of the microorganism takes place may also be performed.
The culture is grown in the lower temperature range for the
appropriate period of time for optimum production of the
polypeptide of the invention. The kinetics of polypeptide
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induction are followed by appropriate method such as pulse
labeling with radioactive rnethionine, harvesting the culture,
processing and separation by two-dimensional gel electro-
phoresis and determuining by autoradiography the amount of
protein synthesized.

It was found that the cs7.4 protein of the invention is not
synthesized at physiological growth temperature at which
the microorganism norrmally grows, in this case the E. coli;
the polypeptide is synthesized in the lower ternperature
range. Sudden induction of the synthesis of the polypeptide
takes place within approximately the first 30 minutes afier
teroperature shift to 10° C. or 15° C. Maximal induaction and
rate of synthesis is ternperature dependent atter temperature
shift. After shift to 15° C., maximal synthesis is attained at
30-60 minutes post temperature shift; maximal rate of
synthesis is approximately 13.1% of total protein synthesis.
Shift to 10° C. gives a maximal rate of the synthesis of
approximately 8.5% of total proteim synthesis at 60 to 90

n

"1.*
discussed below. The invention includes within its scope
such other possible gene which encodes the cs7.4 polypep-
tide or its functional equivalent.

Tn accordance with the invention, it is conceivable that
from the 997 bp fragment of the cloned HindlII fragment,
the cspA structural gene can be removed and be replaced by
a foreign gene. If necessary, the inverted repeat at the 3" end
at 857-866 and 869--878 may be conserved; but if not, the
HindIIl fragment would not need to contain the base pairs
upstream of the TAA stop codon, The foreign gene (or part
thereof) would be inducible by the cold-indnuced promoter
(or its equivalent) and be capable of encoding a target
protein.

In another embodiment of the invention the cold-shock
protein would be expressed by the gene coding for it under
ihe control of the promoter of the invention.

In yvet another embodirnent of the invention, & promoter
other than t]JuE::Ilzalﬁt\rt:-];nr:JUErltnﬂaE:r'::uautlztwaqggllljautc:-f::i];mr:::;fyiquttucaif'ttlta:

:[F]dt[llljjehsL:[}(J{;lkisﬂtlijgt4 ‘F!”(lj'dlsnt[ljuaﬂttti':I[r.t1113:'tf?]]]qglf:lnartlllrff 1jtlf:[1€:ri?qrf: .. ©87.4 gene at physiological temperatures, L.e., within the
allows 13E{l?-ﬁl[1]ﬂﬂl§ﬂtl]?4§§ ']j“E:zfuaﬂtF: o zgqutrtl]j:”51f3 iE[El(iJﬁ[II.:?rjjaﬂttlpf:[f the :l]JJFiE:[;!Jt[llﬁE: :[uaﬁ[iiiﬁza; at which bacteria exponentially grow.
:[?5:dt5rlg"zaFft]jjhE:.; > ta::ajrggg suited for the (JIJEFE:EEt]j“rE: fEIiT ']j”E: nyea- Thus.in accordance with the invention, a ]]UEEtf:IF[>]1:;g;(]ﬂJIE:
tion. After the maximum total polypeptide yield has been. promoter, an E. coli lac promoter, has been used to regulate

the expression of the cs7.4 gene. The cspA. strictural geme

reached. the rate of synthesis thereof drops off, ultimately
reaching a fraction, e.g., about a fifth of the maxir in the . ) 1 3 Lgh Tamral o : | -
reaching a fraction, e.g.. about a fifth of the maxirurm in thy was subcloned into a high level expression vector, pINIIL

raca ~f e ol v i Ftad te 1 R0 2 I | | , ':",:';--'“"F' f'ul': :Eﬁ ra - TR — . . Al . P
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the maximum in the case of the culture shifted te 10o° C,

A noteworthy characteristic of the ¢s7.4 protein of the
invention is its stability at temperatures above the tempera-
ture range at which it was induced and synthesized. Such
physiological temperature may range from about above 159
C. to about 40° C., or higher. The protein is stable after
synthesis at 15° C. for 20 hours, (only about 30% of the
protein degraded), and stable at 37° C. (for at least 1.3
hours).

The invention further provides a cold-induced cytoplas-
mic protein, designated cs7.4, which is stable at growth

of iscpropylthiogalactoside (IPTG), expression of the cs7.4
protein at 37° C. was detected by SDS polvacrylamide gel
electrophoresis of whole cell lysate. The expression of the
protein was 510 fold less than that obtained from expres-
sion regulated by the native promoter at 15° C.

As the result of this teaching, one skilled in the art will
appreciate that other suitable promoters other than the lac
promoter, such as the trp, tac, promoter, larmnbda pl.. ompl,
opp, and other promoters may be used to regulate the
expression of the gene coding for the desired protein. When
other transformed microorganisms such as yeast are used to
temperature of a microorganism, €.g.. £. coli. The polypep- express the proteins, proxoter hike GAL1L(Q and others may
tide has the following partial amino acid sequence be suitable.

SGKMTG(X)VKWFNADKGFGFI wherein X is leucine or ,,  Furthermore, as described briefly above. the cspA. pro-
isoleucine, see Sequence ID Ne. 7. Both isoleucine and moter of the invention which is ;3j:n£[s;1g;;a[t.1[c;1;uf't::]ncg[yi:::zrtllﬁrfzf;,

(9 'I. L o [ & ‘ =ix ! (=] ¥ I;' 1 - B " fy E rl £ , I —trr 2 = A " =N B . . . . . » by . i [ ' .
}wallieliﬂbf{ have been lljkuﬂfltﬂhflfaljl (hf{fl”ﬂzﬂ and 36%, r wf{ll‘~4-ltl‘?ffJL3’]h- can be used to control the expression of a protein other than
Thus, the invention includes either and both polypeptides.

. m | _ AL A ‘. _. : the cs7.4 cold-shock protein. Thus, this properly opens up
The polypeptide of the invention is a 70 amino acid residue

e caleulated molecul ot 407 dal : yet other possibilities.
srotein. The calculated molecular weight is 7402 daltons and rv . .
protetn. 1 o carcliat! ﬂ?' _,,,l] a ght 15 /A T F()]“ih A& 4c These observations do not apply only to antifreeze pro-
the calculated pl is 5.92. The polypeptide 1s very -

hodrophill i 2% of | casid s teins but to the expression of any proteins which heretofore
drophilic, containing over 2% charged residues. Lysine iy . wrpecced Gt . ol a .

hydrophilic, con ELLF]JLEIE:, over 20% charged residues. Lysin could mot be expressed in the desired conformation at
residues make up 10% of the protein. No homology was |

L : N L= physiological temperatures; these proteins, it can be
tected any other sequence in the NBRY data base. S-S e (e s
detected with any other sequence in the NBRE data bas visualized, could be expressed at lower, non-1njurious tem-

The sequence contains an open reading frame beginning sp peratures with the assistance of the promoter of the inven-
with an ATG codon at nucleotide 617 of the cloned Hindlll tion. |
fragment and extending for 270 nucleotides ending with a |
TAA termination codon. This cpen reading frame is the BRIEF DESCRIPTION OF THE FIGURED
':?FNF‘jJHIE? ;rizigﬁif]]]' of the Bene Ztl{:ljfxi]]' ‘jhfﬁsqugllfijjffcl' (FEHF}‘ﬂE'ijanﬁl;"[{?]" FIG. 1 shows a primer extension assay with an 54
sible for csV.4 EIIF]]JH*I(:EEIIE. The 1nvention ZlI]j:E[[ltqquS wikhin 1ts <5 nucleotide: 1][:]]]u5123fijift ;attlii..El 145 nucleotide t 751115;{;[ft[)1;_
scope the nucleotide sequence or any partial sequence ‘ |
thereof which codes for the polvpeptide ¢s7.4 or a polypep-
tide having the properties of ¢s7.4 (functional equivalent).
The invention also includes any equivalent nucleotide
sequence whereirn one or maoxe codons have been substituted g
by certain other codons, which equivalent nocleotide
sequence codes for the cs7.4 polypeptide, or a functional
equivalent thereof. dedinced amino acid sequence of CspB protein.

In the work in connection with this invention, some FICG 8.4 shows the nucleotide sequence of Csple and its
evidence was El(ijﬂhtl(:t:(1.1jtlilt,ESI];Q;E;(:EII}E'tIJI1ELE[tt:-1]ELE[tZIlﬂbEE[iEt]E[lEljf']ZME: ¢5 deduced anino acid sequence.
two copies (cspA and cspB) of the gene encoding the FIG. 6 shows the sequence of the -35 and —10 promoter
cold-induced polypeptide cs7.4. The evidence is further regions of CspA and Cspb compared with. a consensus

35

FIG. 2 shows exponentially growing culture: of E. coli at
different tenperatares. |
FIG. 3 shows lacZ translation fusions of CspA and CspB.
FI(y. 4 shows a cold-shock vector which carries the
"¢

promoter of CspA. and Csplb, respectively.
FIG. $ shows the nucleotide sequence of CspB and the
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sequence of the transcription start signal of a prokaryote.
Note the -35 similar domain. |

FIG. 7 shows the CspA leader region,

FIG. 8 shows the CspB leader region.

FIGS. 9A-9D show 4 autoradiograms made from two-
dimensional gels of total gel extracts of individual protein
cultures following a downward shift of temperature.

A

FIGi. 10 shows a comparison of E. coli CspA with other

CspA-like proteins.
FlGr. 11 shows the nucleotide
amino acid sequence of CspB.
Fl(r. 12 shows the nucleotide

-~

amino acid sequence of CspC.

FI(r. 13 shows chromosomal locations and the direction
of transcription of Csp genes of E. coli based upon the
location of Kohara's A phages.

FICr. 14 shows the positions of Csp genes of E. coli on the
IKchara restriction map (Kohara et al., 1987). The CspA. gene
was located on Kohara phage 9F6(602) (Goldstein et al.,
1990). The CspB gene was located on Kohara phage 12E2
(308) and 7BCC30%. The CspC gene was located on Kohara
phage 15D5(335).

FIG. 15, shows [-galactosidase induction of Csp-lacZ,
translation fusions after temperature shift from 37° C. to 15°
C. At a mid-exporential phase, culbures of E. coli SG480
harboring various plasmids grown at 37° C. in L broth were
transferred to a incubator-shaker at 15° C. One-ml samples
were taken at times indicated for the PB-galactosidase assay
(Miller, 1992).

SCQUEMCE

sequence and the deduced

DESCRIPTION OF THE PREFERRED
EMBODIMENTYS

A manuscript entitled ““The Cold-shock Response---A
Hot Topic™ Jones and Inouye, Molecular Microbiology,
1994 (in press) (hereinafter “Hot Topic™) co-filed herewith
18 incorporated herein by reference in its emtirety and a
second manuscript entitled *“Family of the Major Cold-
shock Protein, CspA (CS7.4) of Escherichia coli Which
shows a High Sequence Sirnilarity with the Eukarvotic
Y-Box Binding Proteins”, Lee et al. (in press) (hereinafter
“Fanally”) and the galley proof thereof are also co-filed
nerewith and incorporated by reference in their entirety. An
untitled report including 7 Figures (hereinafter “Report™) is
also co-filed herewith and incorporated by reference in its
entirety.

Publications of interest are listed under “References™ are
incorporated herein by reference. Those co-filed herewith
are rarked with an asterisk.

stidies carried out in conjunction with the invention have
Tocused on the pliysiology of E. coli at low temperature with
the initial discovery of the cold-shock response following
the shift fromm 37° C. to 10° C. The cold-shock response
describes a specific pattern of gene expression in response to
downshift inm temperature from the physiological growth
tenperature of the organism. This pattern includes the
induction of a family of proteins called “cold-shock pro-
teins” (Csp), continued synthesis of transcriptional and
translational proteins despite the lag period, and specific
repression of heat shock proteins.

The synthesis of individual proteins following a shift from
37 to 10° C. is shown on the autoradiograms of FIG. 9.
Proteins whose differential rate of synthesis increased, i.e.
the cold-shock: proteins, are enclosed in boxes, Other pro-
teins that were continuously synthesized, which include
many transcriptional and translational proteins, are desig-

and the deduceed
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nated by arrows. Heat shock proteims DnaK and GroEL,

whose synthesis was repressed are enclosed in circles. Jones
et al. 1987, Jones et al. 1992a.

After the shift to 10° C., the response reaching maximum
induction during the 3rd hour post shift followed by resump-
tion of protein synthesis and growth after the 4¢h hour. The
cold-shock response is induced with any 13° C. downshift or
more. Generally, the magnitude of the induction is depen-
dent upon the range of the temperature shift; the larger the
range of the teraperatare shift, the more pronounced the
response. Liake the heat shock response, it is believed that the
cold-shock response also serves an adaptive function.

The cold-shock response affects heat-shock proteins. Tt
has been observed that a drop in temperature from physi-
ological growth tenaperatare to 13° C. is also characterized
by a specific repression of heat-shock proteins (Jones et al.
1992). Repression of heat shock proteins has also been
observed under conditions that cause both a decrease in the
translational capacity of the cell and stiraulation of ribosome
formation, such as depriving streptomycin from a
streptomycin-dependent mutant, or adding tetracycline to a
partially tetracycline-resistant strain, or following a nutri-
tional shift-up (Schuier, 1987, Other sirpilar conditions that
canse a decrease in the translational capacity and an increase
in ribosormal protein synthesis, such as the addition of
chiloramphenicol or tetracycline to sensitive strains of £,
coli, resulted in the induction of cold-shock proteins as well
as repression of heat shock proteins in eukaryotes
(VanBogelen & Neidhardt, 199)),

Stress-induced i.e. cold and heat shock induced proteins
have also been identified whose expression is increased after
a shuft from physiological growth temperature to about 10°
. These proteins, namely protein TIP1 have been described
(Kondo and Inouye, 1991; Kowalski et al., 1993). Ancther
identitied cold-shock gene encodes a nucleolin-like protein
called NSRRI (Kondo and Incuye, 1992). Since these and
other proteins can be induced by various stimuli, they often
are referred to as “stinmuli”-induced.

Studies carried out in comjunction with the invention
suggest that the state of the ribosome is the physiological
center for the induction of the cold-shock response
(VanBogelen and Neidbardt, 1990). Consistent with the
proposed involvement of the (pppGPP level in the cold-
shock response is the finding that many of the inhibitors of
translation that induce the cold-shock response also result in
a decrease 1n the (p)ppGpp level (Lund and Kjeldgaard,
1972). The prevailing model is that an abrpt dowashift in
temperature causes a physiological state where the transla-
tional capacity of the cell is insufficient relative to the supply
of charged tRINA signalling a decrease in the (p)ppGpp level
and the induction of the cold-shock response (Jones et al.,
1992a). The observation that an inhibitor of initiation of
translation is an inducer of the cold-shock response (Jones et
al., 1%92a) combined with the finding that low temperature
inhibits inittation of translation (Friedman et al., 1971,
Broeze et al., 1978) suggest that a partial block in initiation
of translation may be responsible for the decreased transla-
tional capacity following a downshift. ix ternperature (Jones
et al., 1992a). The function of the cold-shock response is not
known. A plausible function may be to overcome the partial
block in translation, thereby increasing the translational
capacity of the cell or vice versa.

A Family of Stress-Induced Proteins

A famdly of stress-induced proteins has been identified
which is characterized by highly conserved common
domains of amino acid sequences. FIG. 10 shows the
comparison of the amino acid sequences of four cold-shock
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formed between different Cps proteins, which can be impor-
tant for functional versatility of Csp proteins. Further, as
discussed, CspA. contains aromatic (and basic) residues. See
in FIG. 10: K10, W11, K16, F18, F20, F31, H33, F34 and

1 I

proteins: CspA, CspB, Cspl and CspD» deduced from the
DMA. sequences of their genes, seq. 1D Nos, 7.2, 4, and 10,
respectively. A first domain includes the sequence VRKWEN,
Seq. ID No. 18. A second domain includes sequence K/NCE/

It is noteworthy that the sequence identities are higher m.
the ammino terminal half than in the carboxyl-terminal half of
the amino acid sequence. In the amino terminal half, there
are found two highly and large conserved sequences,
K/NGF/YGFI and DV/IEFV/ALL

CSDA, CspB, CspC and CspD encode a polypeptide of
70, 71, 69 and 74 amino acid residues, respectively. Cspl3
(Seq. TD No. 2) has 56 identical residues to CpsA (719%
identity); CspC (Seq. I No. 4) has 48 identical to CspA.
(Seq. ID No. 7) (70% identity), and CspD) (Seq. ID No:10)
has 33 identical residues to CspA (45% identity). The
percentage identity can also be computed by omitting the
carboxyl-terminal extra residues of Cspl) as being cutside
the cold-shock domain as defined by CspA.

It is comceivable that amino acids of similar structures be
interchangeable, for instance, Val by Ile or Leu; or mer by
Thr, and that aromatic amino acids be: interchangeable with
other aroratic amino acids, for instance, possibly Phe by
Tyr, and aliphatic amino acids by other aliphatic amino
acids. Tt is conceivable also that:in the conserved domain(s),
odd amino acid(s) can be replaced by one or more AIINO
scids to make the dornain fully or closer to fully
homologous, for instance im the third dornain Ile or Ala by
val or in the fifth domain, Ala or Asn by Glu or Gly.

By synthesis of these proteins or by appropriate
snbstitution(s) in the nucleic acid sequences therefor, this
can be readily performed so that any one of these proteins
can be made the functionally equivalent or closer to another.

These unique features of these Csp proteins are likely to

play important roles in the function and wtility of these

proteins. Individual Csp proteins can form dimers.

AC :(Ja:cljjnlg;];y:.iit:ihs:?t>f:]jﬁﬁrsrf:<i.1tl1;11;‘\rz11titaacls:]tlcztx:u:cjuitiljanfz 5 may be:
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v (JET. A third smaller domain includes sequence DV/AEY/ 5 K60, Tt is possible that the aromatic residues that are found
AH and a forth domain which includes sequence E/DG/IN/ on the surfaces of the proteins play a role in the function of
QE. The amino acid sequences of these four proteins are the Csps and, in particular in their interaction with their
cornpared with the sequences of another cold-shock protein, targets. The three dimensional structiures of CspA deter-
spB of Bacillus subtilis, and of two additional proteins, mined by x-ray crystallography and NMR spectroscopy
QCT.0 of S. clavuligerus, and YB1 of H. sapiens. 10 indicate that the protein comprises five antiparallel b-sheet
FIG. 6 in the parent applicaton Ser. No. 07/852,013 and structures, and that aroratic residues exposed on the surface
FIGS. 11 and 12 (Seq. ID Nos. 1 and 3) herein show the of the protein interact with single-stranded IDINA.
DNA. sequence of CspA, CSpb, CspC and the respective The Csps are believed to have the -apacity to interact with
amino acid sequences deduced from the DNA. sequences, ssDNA or RNA, possibly to unwind the secondary structures
respectively. 5 of these molecules and stabilize their prirnary structures. The:
All proteins have a very high content of aromatic amino Csp proteins have been reported to contain the RNAinding
acids: two (WEF) in the first domadn; two (FF) in the second RNP1 sequence rmotf, [(3-A)-[F-Y]-[G-A]-[F-Y]-[ IVAJL
domairn: and one (F) in the third domain. Further, it will be Lansdman, 1992. Further, a putative ATP-dependent heli-
ohserved from FIG. 10 that the content of aromatic acids of case is induced upon cold-shock, suggesting a speciic
the proteins shown is: § residues (6 Phe, L. Tyr and 1 Trp) for 20 requirement for “RNA. chaperons” at low temperature.
CSpA; 9 residues (7 Phe, 1Tyr and 1Trp) for CspB; & Further, it has been demonstrated that CspA. recognizes a
residues (7 Phe. 0 Tyx, and 1Trp) for CspC; and 8 residues specific DNA. sequence. Jones et al. 1992b. Csp proteins thus
(5 Phe, 2 Tyr and 1 Trp) for Csph. All 8§ aromatic residues may be essential for the transcriptional machinery at low
in CspA are conserved in all Csp proteins except for Phe-34 temperature in such a way to convert the closed DINA or
and Try-42 which are substituted with Tyr in CspD) and Phe 25 RNA complex to an open corplex during imitiation of
in CspC, respectively. transcription. Another possible function of (Csp proteins is
All Csp proteins contain only one conserved histicine their involvement in masking group of mRNAs to inhibit
residue (His-33 in CspaA; except for Cspl which contains 3). their translation.
CspA., CspB, and CspC contain no cysteine residue, while Other uses for the members of the Csp farnily include the
CspD contains only one. All Csp proteins contain large 30 staining of DNA. The property of members of the Csp
numbers of charged residues: 16 (7 Lys, 0 Arg, 1 His, 2 Gl family to bind DNA and RNA indicate the potential nse of
and 6 Asp) for CSpA; 15 (6 Lys, 1Arg, 1 His, 2 Glu and 5 these proteims in visualization of DINA. in agarose and
Asp) for CspB; 15 (7 Lys, O Arg, 1 His, 4 Glu and 3 Asp) for acrylamide gels. Standard procedures include the use of
CspC; and 17 (5 Lys. 1Arg, 3 His, Glu and 3 Asp) for carcinogenic stains such as ethidium bromide. Members of
CsplD. 35 the Csp family complexed with a fluorescent dye can

potentially be used to sately stain DNA. The proteins can
) S .

also be useful in the stabilization of DMNA and RNA. The
ability of the proteins to stabilize the primary stoucture of

RINA and DNA. indicate the potential use of these proteins in

increasing the efficiency of DNA and RINA in various in
vitro reactions. Also, these proteins can act as denaturases.
Their property 1o unwind secondary sruciure in RNA or
DNA indicate the potential use of these proteins to denature
DNA. irrespective of temperature. |

The Csp proteins therefore can be seen 1o have very
important potential cornmercial uses.
Promoters |

The promoter of the invention is believed to be located on
the cloned HindI fragment between nucleotides 1 and 6035.
The first 997 bp of the cloned HindlIX fragment contains all
the necessary elements of the functional gene for regulated
sxpression including the ribosome binding sites.

There is evidence of a promoter sequence at —35 and —10
upstream. of the coding region, at positions 330 and 333,
respectively. Another characteristic of the promoter is that it
responds to a clrop in temperature.

The promoter of the invention 1s activated at reduced
temperature and directs transcription of the gene of the
invention.

The promoter of the invention is cold-inducible im vivo
and is recognized in vivo by RINA polyrmerase.

Parent patent application Ser. No. 07/852,013 which is
incorporated herein by reference describes the cold-induced
promoter for CspA. The ~10 and ~35 regions CTTAIT and
TTGCAT of the promoter sequence are shown in FIG. 6B of
that application. The promotexr was shown to control the
expression of P-galactosidase. A plasmid (pKMOO5) carry-



3,714,575

1!]|
ing the lacZ gene without promoter was compared with the
plasmid carrying the CspA promoter on a §06 bp HindIII-
Pvull fragment. The induction by temperature shift from. 37°
C. to 15° C. and to 10° C. showed a significant increase
(64%) in [-galactoside expression from E. coli cells har-
boring the plasmid carrying the CspA promeoter.

In the above-described embodiment of the invention, the
cspA. promoter of the invention has been used in a classic
maodel to control the expression of B-galactosidase. For this
purpose, a plasmid (pEMOOS) containing the lac Z structural
gene without promoter was compared with the plasmid
contaiming the cspA promoter on an 806 bp HindII-Pyall
fragrnent (plJGO4).

A second plasmid, pIJGO8, was constructed which con-
tains a smaller nucleotide fraction of the upstream region of
the cspA gene, tenminating at the Apall site (bp 534). The
results are shown in Table L

TABLE I

RESULLS OF EXPRESSION IN EAC STRAIN

TEMPERATURE  AFTER SHIFT  AFTER SHIFT

l--l-.-.-.I-II-II------------...-IIIII-II-II------....---IIIII--------l---.-.-I---IIII-IIIIIIII-II.I-I.---------r

Plasnnd 37¢ to 13° to 10°
PINO0S 8.7 4.1 3,7
PIIGO4 349.0 30C0.0 851.0
PITCGOR 40.7 45.6 56,1

Temperatiwre are 1n °C.; other numerals refer to “Units” of
enzyme activity. |

The results show that the cspA promoter is capable of
directing a heterclogous gene to express a selected protein.

Likewise, all other Csp genes were studies for their ability
to express B-galactosidase. All Csp genes tested were fused
in the coding regions with the lacZ gene, and the expression

of [3-galactosidase was examined for these hybrid genes

upon cold-shock. The plasmids were transformed into E,
coli.

Cold-shock induction was observed for CspB as for
~8pA. Curiously, not for CspC and not for CspD. It is
postulated that induction of these genes is stress-induced.

FIG. & shows the respective [J-galactosidase activities
(assayed according to Miller (1972)) expressed as ratios of
the [-galactosidase activity at 15° C. to that at 37° C. The
activities at O time were 33, 65, 424 and 16 units for CspA.,

~ ™
K

CspB, CspC and CspD, respectively. The activity of CspC is
particularly noteworthy.

The construction of laci fusion with Csp genes proceeded
as follows. To construct the fusion gene the following
fragments were first amplified by polymerase chain reaction
(PCR) for each Csp gene; from nucleotide 1 to 655 for CspA.
(Croldstein et al., 1990), from nucleotide 1 to 566 for CspB
(FlCr. &) Seq. ID No. 1, from nucleotide 1 to 721 for CspC
(FIG. Sa) Seq. ID No. 3 and from nucleotide —696 to 330
for CsplD (Gottesman et al., 1990), In the PCR. reaction, both
primers were designed to contain 2 BamHI site. In particular,
the downstream: BamHI sites for all Csp genes wete
designed to be created at the 11th codon of the Csp open-
reading frames so that the first 10 amino acid sequences
were fused in phase to the lacZ coding region at codon 7 at
the BamHI site of the pRS414 vector (Simons et al,, 1987).
The plasmids were transformed in E. coli SG480.
B-galactosidase activity was assayed according to Miller
(1972).

To investigate possible differences between CspA. and
CspB, and whether CspB is also transcriptionally regulated,
time course primer extension experiments were perfornaed.
Cell cultures were grown at 37° C. to early logarithmic
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phase and then transferred to 15° C. Prior to shifting the
culture to 15° C., an aliquot was removed and designated as
time O sample of the time course. Samples were subse-
quently removed at 10, 45, 75 and 120 minutes. Total RINA
was isolated from each culture and subjected to primer
extension using a radiolabeled oligonucleotide that hybrid-
izes to the 5" untranslated region of the CspB gene. Inspec-
tion of the primer extension assay revealed two products, an
84 nucleotide transcript and a 145 nucleotide tramscript
(FICr. 1A, lane 1). interestingly, the levels of the 84 nucle-
otide mRINA dramatically increased during the cold-shock
treatment, peaking at 45 to 75 minutes and finally declining
by 120 minutes. In contrast, the 145 nucleotide product
appeared to linearly decrease upon shift to 15° C. Thus, this
analysis suggests that the CspB gene contains two transcrip-
tion start sites; one which appears stirnulated by cold-shock
treatment and a second which is repressed under the same
conditions. See FIG. § which shows the cold-shock induc-
ible promoter region, the cold-shock repressed promoter
region amd three transcription start sites. Functionally
cquivalent promoters are stress—in particular cold—
induced are considered within the scope of the invention.

To investigate why two highly homologous proteins,
CspA and CspB, appear to have redundant reactions to
cold-shock treatment, primer extension analysis was
extended to include shifts from 37° C. to various lower
temperatures, Cell cultures wers grown at 37° C., shifted to
247 C., 200 C., 15° C, 10° C,, or 6° . and samples
collected. Total RNA was harvested for each point during
the time course for each independent temperature shift (i.c.
24° C,, 200 C., 15° C., 10° C. or 6° C,) and the fold induction
was expressed as a ratio between the maximum induction at
cach cold-shock temperature and that observed ar 37° C.
Interestingly. it was observed that induction of CspA peaked
at 207 C. whereas CspB expression peaked at 10° C. (FIG.
2). Thus, the expression of the CspA and CspB genes is
ditterentially regulated at different terperatures, suggesting
that &£, coli may have a mechanism for detecting teraperature
variations and responding by regulating gene expression -
levels. |

To mvestigate this possibility, and to determine whether
the pattern of CspA and CSpB mRNA induction agrees with
the patterm of protein production after cold-shock treatment
at different temperatures, lacZ translation fusions of CspA
and CspB were constructed (L4 et al., 1994). B-galactosidase
expression levels from the CspA and CspB promoters were
consistent with the mRNA levels observed by primer exten-
sion at different temperatures (FIG. 3). Therefore, a linear
correlation between the amount of CspA and CspB mRNA
and their corresponding protein productions exist during
cold-shock induction.

This result strongly suggests that although CspA and
CspB are highly homelogous genes and are both regulated
at the Jevel of transeription they have different gene expres-
sion patterns. This implies the existence of a thermoregula-
tion system in K. coli which can adapt to low temperatures.

The promoters of CspA and CspB are effective to drive
the expression of genes other than B-galactosidase. A “cold-
shock” vector pETX11c was constructed in which the T7
promoter was replaced by the CspA promoter and CspB,
respectively driving the expression of the gene for haman
interferon o-2, which has been shown to be soluble at higher
temperature. FIG, 4 shows the construction of the vector.
It is evident that the promoters of the Csp proteins like
CspaAand CspB are useful to control the expression of target:
yenes (o express proteins at temperatures below the normal
physiological growth temperatares for the organism selected
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to express the target protein, whether a prokaryote Or an
enkaryote, like yeast. This is of particular interest in cases
where the target protein has a tendency to become physi-
ologically or biologically inactive (partly or totally) for any
of several reasons. For instance, the protein may be suscep-
tible to enzymatic denaturation (e.g. proteolytic) at physi-
Icalizwg;itzualllttzlqug)lenantlllns:ucylr'tlls::1teur1gyert;lzqrt)lueditl may be improperly
folded to a physiologically inactive (or le ¢ active) configu-
ration at physiclogical growth temperature.

The promoters which are induced otherwise than by
cold-shock, like Cps C and CspD> are useful to direct the
synthesis of large amounts of mRNA corresponding to the
target gene. The promoters described herein form therefore
a family of promoters useful 1 numerous applications in
which promoters are useful, See, Current Protocols, 10
Molecular Biology, Ausbel et al., Unit 106.
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DETAILED FIGURE LEGENDS

FIGS. 1. 2, 3

FICr. 4 Construction of Cold-shock Vector

To construct the cold-shock vector, the following frag-
ments were first amplified by polymerase chain r zaction
(PCR) for each Csp gene; from nucleotide 1 to 616 for CspA
gene 9

& & A and 6 are described herein in the text.

lplb-’-

. and from nucleotide 1 to 527 for CspB gene. Primers
were designed such that a Bglll site was added at nucleotide
1 for CspA and for CspB; and a Ndel site at nucleotide 616

-1‘

for CspA and at nucleotide 327 for CspB. Therefore, o

bt

construct the CspA. cold-shock vector, the Bgll-Ndel frag-
ment of vector pETTc (ref. for pETRIIC-Studier, F. W.
Rosenbert, A. H. Dunm, 1. J. and Dubendoff, J. W. (1990)
Methods Enzynuol. 185, 60-89) was removed and replaced
with the BgIl-Ndel fragment of CspA. lo construct the
CspB cold-shock. vector, the Bgll-Ndel site of vector
pETIlc. Therefore, to place expression of any gene under
cold-shock regulation, the DINA, fragment corresponding to
the coding region is cloned at the Ndel or the baxnHl site or
the Ndel-BamHI site of the cold-shock vector.

FIGS. 6 to 8 CspA Leader Region: (Sequence IL No. 3
Corresponds to the 5 untranslated region beginning at
nucleotide position 457 (see CspA. sequence) and ending at
nucleotide position 616.

CspB Leader Region: (Sequence 1D No. &) corresponds to
the 5" untranslated region beginning at nucleotide position
366 (see CspB sequence) and ending at nucleotide position.
527.

The leader regions of CspA and CspB have the potemtial
to form various stem loops which are very sirnilar especially
the first loop which has the following nucleotide sequences
in common: CGGUUUGA and ACAGACL. |

FIG. 9A-9D shows the synthesis of individual proteins
following a shift from 37° to 10° C. The autoradiograms
were made from two-dinnensional gels of total cell extracts
of cultures labeled with [33S] methionine before or at
various tiraes after the shift. (A) Labeled 5 min preshift. (1)
Labeled 0 to 30 min postshift. (C) Labeled 120 to 150 Jnin
post shift. (0¥ Labeled 240 to 270 min postshift. Cellular

extracts were prepared and applied to IEF tubes gels con-
taining 1.6% pH 5-7 and (.4% pH 3.5-10 ampholines and
focused to equilibriurn. The tube gels were then applied to
sodium. dodecyl sulphate/polyacrylamide (11.5%) second
dimension gels. The nurnbered spots are the following
polypeptides (Jones et al., 1987: La Teana et al.. 1991; Jones

o

et al., 1992b): 1. ribosoraal protein L7: 2, ribosomal protein.
Si1: 6, 65 subjected to sodium dodecyl sulfatepolyacryiamide gel elec-

I.12; 3, trigger factor; 4, INusA; 5, ribosornal profein
ribosomal protein S6B; 7, EF-Ts; 8, RecA; 9, dihydrolipoa-

mide acetyltransferase; 10, polynucleotide phosphorylase;

j:' !-F i:-.n'
ST

I

12

11, ribosomal protein S6A; 12, D74.0; 13, EF-(G; 14, GyrA;
15, b-subumnit of RNA polymerase; 16, BEF-Tu; 17. CspA

(F10.6); 18, H-NS; 19, F24.5; 20, F43.

i # p"",

4 I'J‘i' «E

&, 21; F84.0;

]Jﬂyﬁ[1ﬂrifiltli:1flf:l]:yﬂfllﬂtl!g;ZHDLELEhE}-]ji[liluﬂttlljbtlt:;;ﬁ:!fif.Ji]]ditijﬂﬂtiijﬂtl factor :2b;

LN

24, G412 25

C(G50.5: 26, G55.0; 27, G74.0; 28, initiation

factor 2a. Proteins whose differential rate of synthesis

1

i
proteins that were continually synthes

ncreased, cold-shock proteins, are enclosed in boxes. Other
ized, which include

many transcriptional and tramslational proteins, ate desig-
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nated by arrows. Heat shock proteins DnaK. and GrokL,

whose synthesis was repressed, are enclosed in circles,
FIG. 10 shows a comparison of E. coli CspA.(Seq. ID No.
7y with other CspA-like proteins. The deduc >, amino acid

sequence of CspA gene product of £. coli was compared

with CspB (Seq. ID No. 2), CspC (Seq. ID No. 4), and Cspl)

(Seq. ID No. 10) from E. cofi (Lee et al., 1993); with CspB

from. B. subtilis (Seq. ID No. 13) (Willimsky et al., 1992,
with

GC7.0 from. 8. calvidigerus (Seq. ID No. 11) (Avgay et
al... 1992); and with the “cold-shock domain” of YB1 from
H. sapiens (Seq. 1D No. 13) (Wistow, 1990; Wolffe et al.,
1092).

FIG. 11 shows the nucleotide sequence and the
amino acid sequence of CspB (Seq. ID No. 1).

FIG. 12 shows the nucleotide sequence and the
amino acid sequence of CspC (Seq. ID No. 3).

FIG. 13 shows the chromosomal locations and the direc-
tion of transcription of Csp genes of E. coli based upon the
location of Kobara’s A phages.

FIG. 14 shows the positions of Csp genes of E, coli on the
Kohara restriction map (Kohara et al., 1987). The CspA gene
was located on Kohara phage 9F6(602) (Goldstein et al.,
1990). The CSpB gene was located on Kohara phage 12EZ
(308) and 7TBC(309). The CspC gene was located on Kohara

phage 15D5(335).

FIG. 158 shows the P-galactosidase induction of Csp-lacis
1 ranslation fusions after temperature shift from 37° C. to
15° ¢, At amid-exponential phase, cultures of £, coli HG450
harborting various plasmids grown at 37° C. in I broth were
transferes to a incubator-shaker at 15° C. One-ml sanples
were taken at times indicated for the B-galactosidase assay

(Miller, 1992).

EXPERIMENTAL PROCEDURE AND
TECHNIQUES

For the Experimental Protocols, see the co-filed manu-
seripts and publications which are incorporated herein by
reference. DINA sequencingprotein purification were all
performed by standard protocols. Also see, Tanabe et al.
(1992) and references cited therein,

deduced

deduced

EXAMPLE 1
INDUCTION OF cs7.4

Cultures of E. coli SB221 (lpp hsdR trpE” lacy recA/E
lacl lac™ pro™) were grown to a density of approximately
108 cells/ml in a 10 ml culture volume prior o empora-
ture shift. 1.1 ml aliguots of the cell culture growing at 30°
C. were transferred to beakers at 42° C., 30° C., 25° C. amnd.
15° . containing 10 uCi of [**S] methionine (Amersham
Corp., >1000 Ci/mmol) or 81 Translabel (ICN
Radiochemicals, Irvine, Calif.) and pulse-labeled for 14
minutes. All samples were collected by centrifugation and

the pellets were dried by Iyophilization, Samples were then

trophoresis (SDS-PAGE) on a 17.5% re: olving gel. The gel

was dried and exposed to X-ray film.
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The resultant antoradiogram indicated a protein of 8 kdal
apparent molecular weight produced only after shift to 25°
C. No corresponding band was seen in the pre-shift or 43°
(. shifted cultures. This protein is designated cs7.4.

EXAMPLE 4

USE OF csp PROMOTER TO DIRECT HETEROLO-
GOUS PROTEIN SYNTHESIS

The csp promoter was used to direct the synthesis of
3-galactosidase in E. coli from the plasmid pJJGO4. This
plasmid was constructed as follows. The 2.4 kb HindIII
fragment containing the gene was digested with Pvuall. The
resultant 306 bp fragment was separated on 0.8% agarose
gel, the band excised and the DNA recovered by electro-
elution us ing a salt- 1“Frihﬁl§;i3: electeoelntion apparatus manu-
factured by IBI, Inc. as per manufacturer’s instructions. This
fragment was 1]115 n ligated with T4 DNA ligase into the
promoter-proving vector (pKMOO05 (Maswi et al. ) after
treatment of the vector fragment with X raLl restriction
enzyme and Klenow fragrment of DINA polymerass L The E.
coli lac deletion strain SB4288 was transformed and cells
carrying the recombinant plasmid were selected as blue

colonies on L-agar plates containing 50 ug/ml ampicillin and
40 mg/ml Xgal.

Cultures of E. coli $B4288 harboring plasmid pJIGO4
were grown at 37° . and shifted to 10° C. or 15° (.
3-galactosidase activity before and after the shift using the
substrate o-nitrophenyl-B-D-galactoside as njlf:shc1r11trﬁ=ti by
]\fl“i]l] er. The results indicate a 64% increase in
-galactosidase activity upon shift of the cnlture to .1;E>" .,

. !

eV lti:= neing induction tJﬂE’1tr:113:sn:1ri|jﬂti<1u[| from the cloned cspA

promoter and subsequent expression of fi-galactosicase.

This example illustrates well the versatility of the pro-
moter sequence oJ the invention.

EXAMPLE 5

EXPRESSION OF cs7.4 STRUCTURAL GENE z!L]“"J""’ {

The « C5[ A structural gene was subcloned into a tllqg;ll.]hfrirt:].
expression vector, pINI (Ipp”) using an Xbal site created
just upstream of the structural gene using oligonucleotide
directed site specific rmutagenesis. Upon addition of PTG,

eXpre: sion of the cs7.4 protein could be detected by SI S-
PAGE analysis of whole cell Lysates.

For vector that can be used to clone a DNA fragment
carrying a promoter and to examine promoter efficacy, see
Masul et al.

It 1s understood that other competent microorganism hosts
(eucaryotic and procaryotic) can be transformed genetically
in accordance with the invention. Bacteria which are sus-
ceptible to transformation, include members of the
Enterobacteriaceae, such as E. coli, Salmonella; Bacillaceae,
such as subtills, Pneumococcus; Streptococcus: yeast strains
and others. -

Of particular interest may be the transformation of yeast
cells, such as Sacchdromyces cerevisiae with the structural
gene of the invention or of all or part of the nucleotide
sequence shown in Sequence ID No, 6. Basic 1J=ﬁE]flll]4E[Ll£3!§ if
yeast genetics, appropriate yeast cloning and CRPICSS 3ion
vectors and fransformation protocols are discussed in Cur-
rent Protocols in Molecular Biology, Supplement 5 (1989)
which is specifically imcorporated herein by reference.

Likewise, vertebrate cell cultures may be transformed
with the structural gene of the invention or part thereof or
with part or all of the nucleotide sequence shown in FIG. 6.
One skilled in the art will select an appropriate cell culture
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as a COS-7 of monkey fibroblasts. Appropriate technignes
for the transfection of DNA into eucaryotic cells are
described in Current Protocols, Section 9 (also incorporated
herein by reference). Mustrated protocols are shown to wark
well with such cell lines as Hel.a, BLAB/c 313, NIH 3T3
and rat embryo fibroblasts.

Additional vectors and sources are listed in Perbal (22)
(pages 277-2490) including yeast cloming wvectors, plant
vectors, viral vectors, with scientific appropriate literature
references, and cloning vectors frorn commercial sources.

Numerous suitable microorganisms are available from the

American Type Culture Collection, 12301 Parklawn Drive,
Rockville, Md., 20852-1776.

A number of embodiments have been illustrated herein. Xt

is contemplated that one skilled in the art can readily make

variations thereof without departing from the spirit and the
scope of the invention,
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SIECHIENCE LISTING

(1 ) GENERAL INFORMAITION:

(i1 )NUMBER OF SEQUENCES: 18

( 2 ) INFORMATION FOR SEQ

I N1

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 877 base pairs
( B ) TYFE: nucleic acid
{ C )y STRAMNDEDMESS: double:
{ D) TOPOLOGY: hnear

(11 ) MOLECULE TYPE: DNA. (gencani:)
( 1 x ) FEATYIRE:

( A ) NANMEREY: CDS
( B ) LOCATIOMN: 528..743

[ x 1 ) SEQUENCE DESCRIPTION: SEQ 11D NO:1:
AGCTTTAATA TAGCTCATGA AACGGOGTAAACA TTOGCAGCTG AAGGGCCACE CAGACCATTT G 0
ATCCGGCAAA ATTCCACGOCG TAATCCGGTO GTAATTTCOTT OF GCATCGOGCG GAGATTGAGC 1240
GCTOGAAACAT GAAGCTGGAC ATCCGATACGA CCATCGGATS GGGTGATAAG ACCCOTTGCOG t &
CTTTTGCCGT CAAAGGTTTT GACAATTCCT GTCATTTTAC GGGACAAAAA AATTCCTTAA 2 4 0
TACTGATAAC TTGGCGCACT ATACACACGT TCCTGAAGAA AGCTATAGTT TTTIGATGGG 300
GTTGAAGATG GUCTGGATGTC TAAAATAAAC ATTGCTTCAT ATGTTCAACT ATGCGTTAAT 360
CGATTGCGTCG GTTTGAAGAA CAGACGATAT ACGAAGTAGT TTACTAAAGE AGTTCTCATT 4 20
TCAGGTOGTTA TTCACTTATY CCTTCTTTGA GTCTCTCCAA TTAAGTACGA AGTCOCGTITTCOT 4 80
GTTATGCAAA CCATTTATGC COGAAAGGCTC AAGTTAAGGA ATOTAGA ATG TCA AAT 536
Met S ez Asan
1
AAA ATG ACT GGT TTA GTA AAA TGG TITT AAC GOT GAT AAA GGT TTC GG 584
Lys Met Thr Gly Leu Val Lys Trp Phe Asn Ala As p Lys Gly Phe Glilv
5 14 15
TTT ATT TCT CCT GTT GAT GGT AGT AAA GAT GTG TTT GTG CAT TTT TCOCT 6 32
Phe 1Tle Ser Pro WVal Asp Gly 8Ser Lys As p Val Phe Val His Phe Ser
210 23 30 35
GCG ATT CAG AAT GAT AAT TAT CGA ACC TTA TTT GAA GOGT CAA AAG GTT 6 80
Ala Tle Gln Asn Asp Asn Tyr Arg Thri Leu Phe Glu Gl y Gla Lys WVal
- 4 0 45 > U
ACC TTC TCT ATA GAG AGT GGT GCT AAA GGT €CT GCA GOA GCA AAT GTC 728
Thy Phe Ser Ile Glu Ber Gly Ala Lwyvs G y Pro Ala Ala Ala Asn Val
55 a Q 65
ATC ATT ACT GAT TAAAATTCAT CGCTCOGTCTG TATACGATAA CGAAGAA Cr G O T8 (
Ile Tle Thr Asp
10
TGATGCCTGA GTAGAGATAC GGACAGAGTA GTGOGAATATTG GATCOTCTT TA ATAAAAAGTA g 4 0
AGCGGAGGTCC A ATACATGAAA CAATOGCTAG CATATTT 877

( 2 ) INFORMATIION FOR SEQ ID NCn2:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTEL: 7
( B ) TEPE: amioo acid
( D) TOPOLOGY: tunear

31 amno acuds
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~continied

( i1 ) MOLECULE TYPE: proteic

(x 1 :r!EJEI]ﬂ:HEﬂEHCﬂEE]E!EiEHC:FﬂEFfIIt:ﬂ“I:JEHE!:!]DE} N2

Met Ser Asn Lys Mer Thr Gly Leu WVal Lys Trp Phe Asa A la Asp Lys
1 5 10 L5

Gly Phe Gly Fhe i1e Sexr Pro Wal Asp Gly Ber Lys Asp Val P he Val

20 25 3 ()
Hi3s Phe Ser Ala Ils Gln Asn Asp Asun Tyr Arg 1 hr Leuw Phe Glun Gly
5 5 4 0 | 45
Glan Lys Val Thr Phe Sex [1le Glu Ser Gly Ala Lys G ly Pro Ala Ala
50 5 5 g 0

Ala Asan ¥Val T1le Ile T hr Asp

g 3 70

{ % jh]]F[Ei:HHEhdLQCETIZHFIfFHZHFLJEHEH:[:[[J MO

( 1 ) SEQUENCE CHARACTERISTICS:
( & ) LENGTH: 1120 base pairs
( B Yy TYPE: nuclerc actd
¢ C ) STRAMDEDNESS: double
( I ) TOPOLOGY: Linewar

(11 ) MOLECULE TYPE: DNA (Renmnic)
(1 x ) FoATURE:
( A ) NAMEREY: CDS

( B ) LOCATION: 586..895

(x 1) SEQUENCE DESCRIPTION: SEQ I INODE3:

CACTGATCT

CGGGATATCA GCAAAAGATA TTTACCCCAT TAATTTATTA GGATGTTTAC ATCGGATTTG é 0
TGATTAAGCG TGGTATTATT TATTACGCGA AACGTTTCTC TCTTGAGGTT TTTGCTCATT 120
CATCAATTTT TCTTATTTTA AATTTACAAT CCTTTGGGGA TTGAC TTCTC TTTAGGGTAA 1 30
TTAATAGCCG TTAACTGACT GTTITTA TOGAG AAAAAGTCAT ATAACTTTTT AT TCATTGCA 2 4 0
TAGCAAAAAA TGTGATATTG CA CGCACTAT GTAATAACTT CTCC TACTGG CCTGGAACAA 300
CTGAACTTAT TGAACTATGT TA GAAAATAC GCCAGTTTAA GX ATCTGCCT GAACTGGCAA 360
GGTTAAGCAC AATGATATAT C GGCGCGTAT TCCGTTGCAY AAGTGTGCAA AAAAAGTGOCGA 4 20
AGACGTATCG AGATTTGTGC GTCTGOGATCGA GACATGTTTA AAAATGGCTT GCCATAATTA 4 8 0
ACGTTGTATG TGATAACAGA TTTCGGGTTA AACGAGGTAC AGTTC TGTTT ATGTGTGGCA 540
TTTTCAGTAA AGAAGTCCTG AGTAAACACG TTGACGTTGA ATACC GCTTC TCTGCCGAGC 6 10 0
CTTATATTGG TGCCTCATGC AGTAATGTGT CAGTTTTATC TATG TTATGD CTGCGGCGAAM G5 6 0
GAAAACAATC TAAGGAATTT TTC AA ATG GCA AAG ATT AAA GaT CAG GTT AAG 712
Met Ala Lya Ile Lys Gly G1ln Val Lys
1 5
TGG TTCO AAC GAG TCT AAA GoT TTT GGC TTC ATT ACT CCG GCT GAT GGC T6 0
Trp Phe Asn Glu der Lvys Gly Phe GlY Phe 11le Thr Pro Ala Asp Gl y
10 13 20 25
AGC AAA GAT GTG TTC GTA CAC TTC TOC GCT ATC CAG GG T AAT GGC TTC 3408
Ser Lys Asp ¥al Phe Va {1 His Phe Ser Ala Ile Gln Gly Asao Gly Phe
3 0 3 5 40
AAA ACT CTG GCT GAA GGT C AG AAC OGTT GAG TTC GAA ATT CAG GAC GGC 856
Lys Thr Leu Ala Glu Gly Gln Asn Val Glu Phe Glu Ile Gln Asp G 1 v
4 5 50 55
CAG AAA GOGT CCG GCA GCT GTT AAC GTA ACA GCT ATC TGATCGAATC Do
Gln Lys Gly Pro Ala Al1la Wal Asn WVal Thr Ala [ L e
6 0 G 5 70
AAGTGTGAAT ACGCTTCAAT CTCGCTATAA AGCCTCGTOCG AAT GCGAGGC o
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~COontnued

TTTTTACTAT GCTTTATCTT CGCTCCTGGC GTTCGGATAT TTOGCOCGCCE COTGATTCGE 1 022
GITTACACTTG C (EFtﬁFi:Ti:!']f']T'l:.#t'ﬂi TATCTGCCGG AGTTGTCATG TCTTTTITCCT GTCCACTTTG 1082

CCATCAGCCT CTTTCGOGTG AAAAAAACAG CTATATCT 1120

¢ 2 ) INFORMATION FOR SEQ ID NO:4:

( 1 ) SEQUENCE CHARACTERISTICS:
{ A ) LENGTH: 62 amino acids
( B ) TYPE: zaamine acid
( D ) TORPOLOGY: linear

( 11 ) MOLECULE TYPE: protein
( x 1 ) SEQUENCE DESCRIPTION: SEQ IID NO:4:

Mer Ala Lys Tle¢ Lys Gly Gln Wal Lys Trp Phe Asn Glu Ser L vys Gly
1 5 | 10 15

Phe Gly Phe 1le Thr Pro Ala Asp Gly Se¢r Lys Asp Val Phe Val His
20 2 & 30
Phe Sezr A 1le Glan Gly Asn Gly Phe L ys Thr Lew Ala Glu Gly GI1an
4 0 ¢ 5

b
tn W

Asn Val Glw Phe Glm I[le Glon Asp Gly Gln Lys CGly Pro Ala Ala Val
50 5 & & 0

Asn Val Thr Ala 11e

6 5

( 2 ) INFORMAITION FOR. SEQ Iy MO:S:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 160 base pairs
{ B ) TYPE: nucleic acid
[ C ) STRANDEDNESS: single
{ ) TOPOLOGY: Linear

( 1 1 ) MOLECULE TYPE: RNA. (senormic)
{ %1 jb:SIE(Jﬁ:UEJiﬁtiEE]CIEEEIZHRJDPG[I(]EHE::5JE£1:]]:h35$E):Sh
AACGGUUUGA COUACAGACC AUUAAAGCAG TUGUAGUAAGG CAAGUCCCUU CAAGAGUUATU 6 0
SGUUTCGAUACC CCUCGUAGUGE CACAUUCCUU TUAACGCUUCA AAAUCTUGUAA AGEACGO CAU 1290

AUCGCCGAAA GOCACACUUA AUUAUTAAAG GUAAUACACU 160

( 2 YINFORMATTON FOR SEQ ID NO:6:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTE: 162 bage pairs
{ B )TYPE: mcleic acid
{ C ) STRANDEDNESS: singtle
{ D ) TOPCLOGY: linear

( 1 1 )MOLECULE TYPE: RNA (gencmic)

( x &t ) SEQUEMNCE DESCRIPTION: SEQ II NCxG:

COUCGGEUUUG AAGAACAGAC GAUAUACGAA GUAGUUUACU AAAGCAGUUC UCAUUUCAGG 6 0
UGUUAUUCAC UTUUAUUCCUIC TUUGAGUCULS UCCAATTUAAG JACGAAGUZG UDUUCUGUTUAU 120
GCAAACCALUT TVAUGCCGAAA GOGCUCAAGUY AAGGCAAUGITA GA 152

( 2 ) INFORMATTION FOR SEQ ID NOQ:7

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 70 amino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: linear
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¢ 1% ) MOLECULE TYPE: profein

( v i ) ORIGINAL SOURCE:

( %1 }nEEIE(]IJIEIQiZﬂEZIZHEHE:ZHRJDFTEI(JIQH:ESIE(]{]]ZIibJ{]niT:
Met Ser Gly Lys Met Thr Gly Ile WVal Lys Trp Phe Asn Ala Asp Lys
1 5 1 O 1 5
Gly Phe Gly P he [1e Thr FPro Asp Asp Gly Ser Lys Asp Yal Phe VWVal
2 ) 2 5 30
His Phe Ser Ala Ile Gln Asn Asp Gly Tyr Lys ser Leu Asp Glun Gly
4 5 4 1) 4 5
Glop Lys Val Ser Phe Thr I le Glu Ser Gly Ala Lys Gly Pro Ala Ala
50 55 6 0
Gly Asn VYal Thr ber L.e¢u
6 5 T 0
( 2) INFORMATION FOR. SECQ 1D NQ:8:
(1) SEQUENCE CHARACTERISTICS:
( A ) LENGTE: 71 arino acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: Luear
( i 1 ) MOLECULE TYPE: protein
( v i ) ORIGINAL SOUECE:
( A ) ORGANISM: Escherichia colt
(x 1 :j:SﬂﬁiiﬂZEEﬂﬁﬁEIEiI[)EiE?CiFLIP’I]]ZﬂFI:;EHEH:!][[J=IGH:)ﬂB:
Met Ser Asn Lys Met Thr & ly Leuw Val Lys Trp Phe Asn Ala Asp Lys
1 5 i0 15
Gly Phe Gly Phe {le Ser Pro WVal Asp Gly Ser Lvs Asp Val P he WVal
20 P 340
His Phe Ser Ala 1le Gln Asn Asp Asn Tyr AT g Thr Leu Phe Glu Gly
3 4 0 4 5
Gln Lys Wal Thr Phe Ser I[le Glu Ser Gly Ala Luys Gly Pro Ala Ala
50 3D G D
Ala Asan Val Tle Tle Thr Asp
& 5 7O
( 24 :r]]5[Fi:iF£deFE[1l:ﬂhIjEHEEEL;EHE!:!I[[}'Iqﬂihﬂ?:
(1) SEQUENCE CHARACTERISTICS:
( A ) LENGYTH: 63 amino acuds
( B ) TYPE: amino acid
¢ Iy TOPOLOGY: lincar
(11 :}Zhdﬂ:ﬂLJEIZ1ZHLJE;T[”E?Fﬂi::;xnnttﬁll
{ v 1 ) ORIGINAL SOURCE:
( A ) ORGANISM: Escherichia coli
{ x i) SEQUENCE DESCRIPTION: SEQ 1D MO:L:
Met Ala Lys 1le Lys Glvy Gln Wal Lys Trp Phe Asn G lu Ser Lys Gly
1 5 10 1.5
Phe Gly Phe V1le Thr Pro Ala Asp Gly Sexr Lys Asp Val Phe WVal His
24 2 30
Phe Ser Ala Ile Gln Gly Asn Gly Phe Lys Thr Leu Ala Glu Gly Gln
35 4 0 4 5
Aspn Val Glu Phe Glu Tle © ln Asp Gly Gla Lys O ly Prao Ala Ala Va 1
50 55 60
Asn Val Thr Ala 11le

{ A :l1EIFE(}1¥JF[BEHSH;fEiaclrctixﬂhﬁzl4:cﬂﬁ.
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( 2 )y INFORMATION FOR SEQ ID NO:10:

( 1 )} SEQUENCE CHARACIERISTICS:

( A ) LENGTH: 74 amino acids

( B ) TYPE: amino acid
( D) TOPOLOGY: Linear

( 11 ) MOLECULE TYPE: protein

[ v 1 ) ORIGINAL SOURCE:

( & ) ORGANISEM: Escherichia coli

{ x 1 }SEQUENCE DESCRIPTION: SEQ 1T NO:1{):

Met Glu Lys Gly Thr
I 3
Phe [Tte Cys Pro Gilu
2 0
Thr T1le Gln Met Asp
A5
Gln Phe Asp Val Hi s
5

VYVal Pro ¥Wal Glun WVal
65

{ 2 ) INFORMATION FOR SEQ I MO:11:
{ 1 ) SEQUENCE CTHARACIERISTICS:
{ A ) LEMGTH: 66 amino actds
{ B ) TYPE: aooino acid
( D) TOPOLOGY: lincar
( 1 1 ) MOLECULE TYPE: protein

{ v 1 ) ORIGINAL SQURCE:

Val

G1y

G1lu
70

Ly &
Gly
Ty r
Cr I;'}'

35

Al a

{ A ) ORGANISM: Streptotnyces claviligens

( x 1 ) SEQUENCE DESCRIPTION: SEQ 11D NO:11:

Met Ala Thr Gly Thryr
1 3
Phe Ile Ala Gln Asp
2 0
Ala Tle Asn Ala Thrx
35
Asn Phe Asp WVal Thrx
590
Pro Ala
65

( 2 ) INFORMATTION FOR. SEQ 1D NQ:12:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 67 anino acids
( B )} TYPE: aino acid
( I ) TOPOLOGY: lirear

( i i ) MOLECULE TYPE: peotein

( v 1 ) ORIGIMAL SOURCE:

Voa l
Gly
Gly

His

( & ) ORGANISM: Bacithos gubtilis

(x1 juEEEEEEEJIEIQIZHEZ]:HEESHZHRUDFf[I{]ﬂHE::SHEI:[]DE) MNCO:T2:

Met Leu Glu Gly Lys
1 5

Voal

L v s

1l y

Fhe

g

Ci ]y

5 5

I v s

Trp

Gly

AT R

¢ G

Pro

Al a

T rp

Ph e

G 1l u

25

Thr

Ly s

Val

FPhe

Pro
25

Phe

A s n
10

Asp
L en
g,

a1y

Al a

Asn
1 €}
A g p

[l.eu

Pro

A s
10

Asn

I le

L.vs

A s 1

Al a

WVal

G1lnu

G 1 n

5 er

ng ]. L

Phe

.Al. 1 .

H1is
6 0

G 1 u

Fh e

G 1o

Jﬁl. 1 d.
& )

51 u

.y s

Ala

Gly

4 5

Al a

L.v s

Voal

Asgn

1l u

1.y s

Gly

Hi1 s
Gl n

Ser

iy
His
30

G 1la

Asan

Gly

'*;r a 1

Fhe
15

Gl y
Tyr Ser
Val

S oo

Val 11e

Tyr Ser

Val
Val Ser
Phe Glvy

15



,-’il

1‘!']’

Phe I1e¢e Glu Val Gluw Gly O 1 n
20
rl1e Glo Gly Glu Gly Phe Lys
3 &
Phe Glu Ile Val Glu Gly Asn
50 53
Lys Glu Ala
6 5
( 2) INFORMATION FOR SEQ 15 NO:13:
( 1 y SEQUENCE CHARACTERLSTICS:
( A ) LENGTEL: 74 aranc acids
( B ) TYPE: amino acid
( D ) TOPOLOGY: lnesar
( i 1 ) MOLECULE TYPE: protein
( v i ) ORIGINAL SOURCE:
( A ) ORGAMISM: Horoo aP1ens
( x i ) SEQUENCE DESC! AIPFYTOMN: SEQ T N3
I1e Alaz Thr Lys WVal Len Gl
1 5
Gly Tyr Gly PFPhe |1 le Asn Ar g
2 0
Hisg Gln Thr Ala Tle Lys Lys
35
Vval Gly Asp Gly Glu T hr Val
50 55
Gly CGlu Glu Ala A 1a Asn Val
65 70

( 2 ) INBOERMATION FOR SEQ 1D WOk

(1 ) SEQUENCE CHARACTERISTICS:
¢ A ) LENGTH: 4 amino acxds
( B ) TYPE: aminc acid
[ 1 ) TOPOLOGY: hinear

( % i ) SEQUENCE DESC. EPFTION: SEQ D NO:Ld:

Asp Gly Ser Lys

1

( 2 ) INFORMATION FOR SEQ ID NO:15:

{ 1 jn!EIE(JﬂJUEIGH:ﬂEE{:ﬂE[#LIliﬁdifI?E]]]1§1CDE35;:
¢ A ) LENGTH: 4 amino acids
( B ) TYPE: amdno acid
( D) TOPOLOGY: lnwar

(%1 f}=EHEH:[LIEEPIC3E3f[)IEEFEIElII']IDCIPI: SECQ ID WO LS

Tyr Arg Thiy L oe

1

( 2 j}Z[PiI‘E)ElI#[JH]fBE}EQ']?C]Il.EIEHEZ [ID NO:16:

(1 y SEGLENCE CHARACTERLSTICS:
( A ) LENGTH: 4 amino acids
( B ) TYPE: atxino acid
( 1D ) TOPOLOCY: linear

(x 1) SEQUENCE DESCRIPTION: SEQ ID NO:16:

Thy Pro Asp Asp

1

5,714

Thrt
4 <)

Arg

Thr

A g n

A3 n

11.. DI

Gl o

Thr

L e

Voal

A s D

25

A s n

Phe

Gly

TS

G lnu

Lys

10

Thr

Pro

A3 P

Pr oo

G 1l u

G1lmn

Trp

Lys

th 3 i,

Val

Gly

Jﬁh. ]. Al
6 0

Ph e

Crl oo

Ly s

Voal
6 1)

Hisg FPhe
40
G1ln Ala
4 5
Ala Asn
A s Y oa 1
Asp Val
3 J
Tyas Leu
4 3
Glu Gly

pA

“oer

W al

Voal

A g

G1lu

Jﬁh l Zl

Soer

Th

A s n
W i
I"'I

1:: =

Ly s
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( 2 YINFORMAITON FOR, SBG 1D NQ:17:

( 1 ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 6 amino acids
{ B ) TYPE: atcano acicl
( I2 ) TOPOLOGY Linssar

{ % i )} SEQUENCE DESCRIFTICN: SEQ ID NO:17:

Met Ser Gly Lys Met Thre
1 5

( 2 ) INFORMATION FOR SEQ ID Ni0:18:

( i ) SEQUENCE CEHARACTERISTICS:
( A ) LEMGTH: 5 atcano acids
( B Y TYPE: aonno acud
( D ) TOPOLOGY: Linear

( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:18:

Val Lys Trp Phe Aszsn
1 5

25
We claim: Escherichia coli, as shown in Seq. 1D No. 2, CspC, as shown
1. An isolated bacterial protein which comprises an amino in Seq. ID No. 4, and CspD, as shown in Seq. ID No. 10.
acid sequence selected from the group consisting of DGSK, Z. The protein of claim 1 wherein the protein is CspA.
as shown 1n Seq. ID No. 14, and YRTL, as shown in Seq. 1D 3. The protein of claim I wherein the protein is CspB of
No. 13, which protein is a member of the Csp family of 30 Escherichia coli.

protems, wherein the protein is selected from the group

consisting of CspA, as shown in Seq. ID No. 7, CspB of kook ok ok ok
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